The structure of levofloxacinium 2-thiobarbiturate trihydrate LevoH 2 + Htba -⋅3H 2 O (I) (LevoH is levofloxacin, H 2 tba is 2-thiobarbituric acid) is determined (CIF file CCDC No. 1547466); its thermal decomposition and IR spectrum are studied. The crystals of I are triclinic: a = 8.670 (1) HBs and the π-π interaction between the Htba -and LevoH 2 + ions and between the LevoH 2 + ions.
soluble in water. To improve solubility it can be transformed in other compounds, for example, organic salts [4] . Noncentrosymmetric crystals of levofloxacin are a nonlinear optical (NLO) material [5] and its salts can also exhibit NLO properties. Within the systematic study of the structure of fluoroquinolone salts, levofloxacinium 2-thiobarbiturate trihydrate LevoH 2 + Htba -⋅3H 2 O (I) was characterized by single crystal XRD.
EXPERIMENTAL
Levofloxacin hemihydrate LevoH⋅1/2H 2 O (Zhejiang Kangyu Pharmaceutical Co., Ltd, China) and H 2 tba (chemically pure) were used without additional purification.
Synthesis of LevoH
+ 2 Htba -⋅3H 2 O (I). A mixture of 0.54 mmol of LevoH⋅1/2H 2 O and 0.54 mmol of H 2 tba was dissolved in 5 ml of water at 80 °C. The solution was cooled to room temperature and then kept in a refrigerator at 4 °C for 2 days. A pale pink precipitate in the form of platy crystals was filtered off, washed with 1 ml of water, 1 ml of acetone, and dried in the air until constant weight. The yield was 43%. A single crystal for XRD was selected from the bulk precipitate.
Single crystal XRD. The intensities of X-ray reflections from the crystal of 0.40×0.30×0.12 mm were measured at 150 K on a SMART APEX II single crystal diffractometer with a CCD detector (Bruker AXS), MoK α radiation,
The experiments showed that the crystal belongs to the triclinic symmetry. Since the LevoH molecule is chiral and the compound used for the synthesis was pure, we decided to determine and refine the structure in the noncentrosymmetric space group P1. The refinement was stable and gave low R factors (R B = 4.15%) and atomic thermal ellipsoids.
The main crystallographic characteristics of I and the parameters of the experiment are as follows: molecular A crystal unit cell of I contains two LevoH 2 + ions, two Htba -ions, and six H 2 O molecules ( Fig. 2 ). Neutral levofloxacin molecules have a bipolar structure where the carboxyl group is deprotonated and the >NMe group of the piperazinyl ring (N1A and N1B atoms) is protonated >N(Me)H + [4] . When compound I forms, the proton transfers from the C5 atom of thiobarbituric acid to the deprotonated carboxyl group of the zwitterion of neutral levofloxacin to form the Htba -anion and the LevoH 2 + cation. After protonation, the LevoH geometric parameters did not change and also coincided with those previously determined for the LevoH 2 + ion [4, 6] . The main bond lengths and bond angles in the Htba -ion in I coincided with those previously obtained in [7] [8] [9] [10] . The configuration of the chiral centers of independent molecules (C15 atoms) determined from the S crystal absolute structure is the same as in the initial levofloxacin molecule. As usual [6] , the morpholine ring has an envelope conformation and the piperazine ring has a chair conformation.
Although the LevoH 2 + ion is chiral, sometimes crystallographers erroneously choose a centrosymmetric space group for structure models. For instance, wrong P-1 and Fddd groups were chosen for [Zn 2 (Levo) 2 (odpa)]⋅5.5H 2 O, where odpa is properties have some advantages as compared to inorganic ones [13] , hence, in the future we intend to determine the NLO characteristics of compound I.
In each LevoH 2 + cation two intramolecular hydrogen bonds (HBs) C-H⋯F, O-H⋯O (Fig. 2) form supramolecular motifs S(6) (Fig. 3 ) typical of fluoroquinolones [14] [15] [16] . Multiple intermolecular HBs N-H⋯O, O-H⋯O (Fig. 3a , Table 1) form a bilayer structure in the plane of the a-b and c vectors, with hydrophilic moieties located within a layer and hydrophobic moieties directed outward (Fig. 3b) . The cyclic supramolecular motifs 6 6 R (20), 5 6 R (14), 4 6 R (12), 4 5 R (10) can be identified in the layers.
The LevoH 2 + ion contains two HB donors (O-H of the carboxyl group; the (CH 3 )NH + group of the piperazinyl ring) and eight HB acceptors (three N atoms, four O atoms, and one F atom [4] ). However, both HB donors and only three HB acceptors, namely, O1, O2, and O3 atoms, are involved in intermolecular HBs (Fig. 3a) . The H atom of the COOH group, as in other fluoroquinolones [14] [15] [16] , forms a strong intramolecular HB O2 carboxyl -H⋯O1 ketone bond which decreases its capability of intermolecular interactions. In compound I it is involved in intermolecular HBs only with independent cation A ( Table 1 , Fig. 3a ). Water molecules form many intermolecular HBs (Fig. 3a) . The structure is additionally stabilized by the π-π interaction between the Htba -and LevoH 2 + ions and between the LevoH 2 + ions forming pairs (intercentroid distances range from 3.654(2) Å to 4.007(2) Å). The thermal analysis of I was performed on a SDT-Q600 (TA Instruments, USA) apparatus in the air flow (50 ml/min) in a range of 22-350 °C at a heating rate of 10 deg/min. The composition of evolved gases was determined on a Nicolet380 (Thermo Scientific, USA) IR spectrometer combined with a thermal analyzer. The IR spectroscopic analysis of evolved gases indicates that the decomposition of compound I begins at ∼50 °C with a loss of crystallization water (Fig. 4) .
The TG and DSC curves suggest two-stage dehydration accompanied by two endothermic effects at 79.2 °C and 113.4 °C.
The total weight loss (9.50%) practically coincides with that calculated theoretically under the assumption of three water molecules lost (-3H 2 O, Δm calc = 9.65%). At the first stage at ∼100 °C Δm = 6.5%, which agrees with a removal of two water molecules (-2H 2 O, Δm calc = 6.44%). Complete dehydration of I occurs at 120 °C. In a range 120-250 °C the sample weight remains constant and at T > 250 °C the compound melts with decomposition and releases H 2 O, CO 2 , SO 2 , NO gases. In terms of thermal stability, anhydrous compound I is better than LevoH whose melting/decomposition point (Т melt/decomp ) is 226.4 °C
[17], but close to H 2 tba with Т melt/decomp = 250.6 °C [18] .
A band at 3421 cm -1 in the IR spectrum (Nicolet 6700, Thermo Scientific, USA; the Multiple-Access Center of the Siberian Federal University) of I in KBr corresponds to υ(O-H) of the LevoH 2 + carboxyl group [5, 19, 20] . A strong band at 1724 cm -1 , in accordance with [19, 20] , was assigned to υ(C = O) in COOH, which also confirms the proton transfer from 2-thiobarbituric acid to levofloxacin as a result of the reaction between them and agrees with the XRD results. 
